Interactions between increased intestinal viscosity, post-weaning colibacillosis and intestinal spirochaetosis in weaner pigs by McDonald, D.E. et al.










INTERACTIONS BETWEEN INCREASED INTESTINAL VISCOSITY, POST-WEANING COLIBACILLOSIS AND 
INTESTINAL SPIROCHAETOSIS IN WEANER PIGS 
 
D.E. McDonald, D.W. Pethick, and D.J. Hampson 




Interactions between diet and enteric bacterial infections are complex 
and multifactorial. In production situations, more than one pathogen or 
disease may occur simultaneously. The intestinal environment in 
which pathogens proliferate can be altered by dietary manipulation and 
thereby can affect the outcome of disease (1). Post-weaning 
colibacillosis (PWC) affects newly-weaned pigs and is associated with 
excessive multiplication of enterotoxigenic Escherichia coli in the 
small intestine (2). Intestinal spirochaetosis (IS) is characterised by a 
mild typhylocolitis resulting from colonisation of the large intestine 
with the intestinal spirochaete Brachyspira pilosicoli (3). 
 
A previous study in weaner pigs found increased intestinal viscosity 
resulting from addition of carboxymethylcellulose to the diet may 
encourage intestinal proliferation of E. coli (4). There is also anecdotal 
evidence that pigs with PWC are then more commonly affected by IS. 
This study aimed to confirm the influence of viscosity on intestinal 
proliferation of E. coli, to investigate the influence of viscosity on 
proliferation of S. pilosicoli in the large intestine, and examine 
possible interactions between the two pathogens after weaning. 
 
Materials and Methods 
 
Two basic diets were used. Diet R was comprised mainly of cooked 
white rice, balanced for nutritional requirements with an animal 
protein supplement (bloodmeal, meat and bonemeal, fishmeal). Diet 
RHV contained the same cooked white rice/animal protein base, with 
minor adjustments in ingredient amounts made for the inclusion of 
carboxymethycellulose (CMC) (400-800mPa•s when 2% solution at 
25oC) at 4% of the total weight of the air-dry diet.  
 
Thirty-six Landrace x Large White pigs were weaned at 21 days of age 
and allocated according to liveweight into one of six groups. All pigs 
were fed ad libitum in groups. Half of the pigs were fed diet R, and 
half were fed diet RHV. Within each dietary treatment, 6 pigs were 
killed one week after weaning to test for intestinal proliferation of 
endogenous haemolytic E. coli, six were orally inoculated with B. 
pilosicoli strain 95/1000 8 days after weaning, and six were simply fed 
the assigned diet for the duration of the trial which ended 30 days after 
weaning. Measurements included liveweight gain, gastrointestinal 
weights and pH values, and microbiological assessment of cultures of 
faecal and intestinal swabs. After inoculation with B. pilosicoli 
95/1000, faecal swabs were cultured three times per week to check 
whether the spirochaete was being shed. Positive cultures for B. 




Table 1.  The effect of diet on intestinal viscosity and proliferation of 







Duodenal viscosity (mPa•s) 1.19 6.58 1.35 0.0001 
Ileal viscosity (mPa•s) 1.52 7.23 2.39 0.0020 
E.coli in jejunum (log10) 1.49 5.79 1.43 0.0004 
Colonic viscosity (mPa•s) 1.26 2.80 1.24 0.0584 
E.coli in colon (log10) 2.54 8.22 1.70 0.0002 
 
Pigs fed the diet containing CMC had increased intestinal viscosity 
and contracted a natural infection of haemolytic E. coli, as evidenced 
by the increased numbers of  haemolytic E. coli cultured from the 
small and large intestine. Pigs fed the rice diet without CMC had low 
intestinal viscosity and low numbers of  haemolytic E. coli. Clinically, 
the pigs fed rice plus CMC all displayed diarrhoea whereas those fed 
rice without CMC continued to have firm well-formed faeces.  
 
Of the 12 pigs experimentally infected with B. pilosicoli, the six fed 
the diet containing CMC retained a significantly higher viscosity in the 
large intestine. Pigs fed RHV shed B. pilosicoli for a greater number of 
days than those fed diet R (Table 2). 
 
Table 2.  The effect of CMC on proliferation of B. pilosicoli in pigs 







Caecal viscosity (mPa•s) 2.13 4.5 1.26 0.013 
Colonic viscosity (mPa•s) 1.78 5.98 1.86 0.007 
No. diarrhoeic pigs at end of trial 0 4  0.061 
No. days faecal swabs B. 
pilosicoli positive (max total =9) 
1.50 4.17 1.19 0.003 
 
When the intestines were examined 22 days post-infection, all pigs had 
hyperaemia in the colon, with individual variation but no obvious 
differences between dietary treatments. There was no statistically 
significant difference in the presence of B. pilosicoli in the caecum or 
colon as determined by PCR. Both the dietary groups had individuals 
with intestinal cultures positive for B. pilosicoli. None of the pigs 
eating diet R displayed diarrhoea but most of the pigs fed RHV had 
diarrhoea on the day of sampling.  
 
The 2 groups of pigs which were not experimentally infected did not 
display lesions typical of spirochaetosis nor were their faecal cultures 
positive for B. pilosicoli. The group fed diet RHV shed large numbers 
of haemolytic E. coli from 7-11 days after weaning. Some pigs fed diet 
R shed haemolytic E. coli at this time but the E. coli comprised a 
relatively smaller proportion of the total bacteria culturable from the 




The association between higher intestinal viscosity and increased 
numbers of intestinal haemolytic E. coli in pigs 1 week after weaning 
was confirmed in this study. The effect of CMC on proliferation of 
intestinal B. pilosicoli was less clear, although the results were 
suggestive of a increased duration of colonisation in pigs fed the high 
viscosity diet. It was difficult to determine whether it was the presence 
of a prior E. coli infection (associated with CMC) or the increased 
intestinal viscosity itself (or a combination of both) that increased the 
duration of B. pilosicoli shedding in pigs fed RHV. IS is a more 
chronic and variable disease than PWC and further studies are needed 
to elucidate associations between intestinal viscosity and spirochaetal 
proliferation. A similar trial conducted in older pigs, which are not 
susceptible to PWC, might clarify the influence of digesta viscosity on 
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